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Sent: Tuesday, July 29, 2008 12:26 AM

To: Schwartz, Francis G

Cc: Taiwo, Temitope A.; Douglas E Burns

Subject: Re: lssues form chapter 4 for NE and Lab experts

Frank,

I'm sending vou a draft of my responses, which I'm also sending on to
Temi so that he can do a review and add whatever he feels is necessary.
Temi, pléase have a loock at this tco and let Frank know as soon as you

can tcocmorrow.

I need to know if you think T missed something in my responses. There

are some errors that need to be corrected, as 1I've noted.

I'1l be at a meeting at BNL tomorrow, but T'l1l be meonitoring my email.
Roald

Schwartz, Francis G wrote:

> Thanks Roald. As always, you are a lifesaver.

>

> Frank

> From: Roald Wigeland [mailtc:Roald.Wigeland@inl.gov]
> Sent: Monday, July 28, 2008 1:31 PM
> To: Schwartz, Francis G

> Subject: Re: issues form chapter 4 for NE and Lab experts

> Frank,

> I've talked with Temi. We think these will be straightforward to
> address. I'1l try to get these resclved today. You should have the

> responses tomorrow.



>

>

>

>>

g

>

>>

>>

>>

>>

>

>

>>

>

>>

>>

>

>>

>>

>>

>>

>>

>>

>

>>

>>

>>

>>

>>

>>

>>

Roald

Schwartz, Francis G wrote:

This time with attachment...

*From:* Schwartz, Francis G

*Sent:* Monday, July 28, 2008 9:13 AM

*To:* Burns, Douglaé Edward; Wigeland, Roald Arnold

*Cc:* Rose, Jay; Jones, Leon H; Perry, Jeffrey N; SWICHKOW, DEBORAH;
Wheeler, Jack

*Subject:* FW: issues form chapter 4 for NE and Lab experts

Doug and Recald

We are locking for some help again based on the latest set of comments

from GC. I am hopiné this will be the last round. Jay sent this file
to me last Friday, but I never checked my HQ account, so am late
getting it tec you. I added a couple of notes (in red) to twoe of the
sub-items under task 1.

Thanks for your help. Let me know what you anticipate for schedule to
respond, and if youéhave any questions/clarifications.

Frank

*From:* Smouse, Debra [mailto:Debra.Smouseltetratech.com]
*Sent:* Monday, July 28, 2008 8:10 AM
*To:* Schwartz, Francis G

*Subject:* FW: issues form chapter 4 for NE and Lab experts
3
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*From:* Rose, Jay

*Fent:* Friday, July 25, 2008 1:16 PM

*To:* Schwartz, Francis [NE-HOQ);: ?erry, Jeffrey; joneslh@id.doe.gov

*Cc:* Human, Wayne; Hensley, Janice; Smouse, Debra; Smith, Mark

*Subject:* issues form chapter 4 for NE and Lab experts

Hi Frank-here is a file with 5 items laying out the chapter 4

info/issues that we think are best suited for Roald, Temi, and Mike

Tcdosow. Let me know 1f you have ‘any questions.

Thx—73



ITEM #1: HTGR. Deep Burn Alternative Issues

Per the agreement with GC

As such, any info that Roald and Temi can add to Section 4.5.3 would be appreciated.
They should also look at the following specific items to seec if they can provide
resolution:

I would suggest that all of the numbers presented in Section 4.5.3 be qualified with the
statements that they are only preliminary estimates, not at the same level of accuracy as
for the detailed analyses used for the other alternatives, and they should not be presented
in the same table as results for the other alternatives. As Section 4.5.3 text is right now,
the numbers are presented in the same manner as those for the other alternatives, which is
not appropriate. At this time, we have no verification that these numbers are correct, or
even approximately correct, but they do represent an initial estimate that can be used to
reach some general conclusions that are not sensitive to the inaccuracies associated with
such estimates. [Taiwo’s Comment: Agree] '

A. Uranium Requirements: Data for the uranium requirements for the Thermal Recycle

The deep burn alternative is a combination of LWRs using enriched uranium fuel and
HTGRs using a TRU fuel with no uranium in the fuel, possibly using an inert matrix if
needed; currently TRU oxide is used. The spent LWR fuel would be processed and the
recovered TRU would be sent toc HTGRs using the TRU fuel. There would still be’
uranium required to run the LWRs, which would be the same standard LWRs that we
have in the no-action alternative. What we don't know accurately at this time is the
proportion of LWRs to HTGRs, since we don't have detailed calculations on the
performance capability of the deep burn HTGR with TRU fuel yet. Preliminary estimates
indicate that the reactor fleet would have about 82% of the power being generated by the
LWRs, while the other 18% would be generated by the deep-burn HTGRs.[1]
Accounting for the higher thermal efficiency of the HTGRs, the thermal power would be
about 88% LWR and 12% HTGR, for a reduction in uranium requirement of about 12%
as compared to the no-action altemative. Even though these are only initial estimates,
what can be said is that the uranium requirement for this alternative will be reduced from
the no-action alternative since some of the LWRs have been replaced by HTGRs, in
proportion to the percentage of HT'GRs in the reactor fleet. {Taiwo’s Comment: Agree]



[1] Presentation by Goldner, et al.

B. Fuel Fabrication Requlrements. Data for the fuel fabrlcatwn requirements for the

The TRU recovered from processing all of the spent LWR fuel will be used for
fabrication of the deep-burn HTGR fuel. The amount of spent LWR fuel to be processed
and the amount of TRU recovered is not known accurately at this time. Given that the
recovered TRU will be radioactive, the fuel fabrication will iteed to be done remotely, as
in the other alternatives where spent LWR fuel is processed to recover the TRU for
recycle. At this time, it is expected that the same fuel fabrication technologies that have
been developed for enriched uranium HTGR fuel would be applicable to the deep-burn
TRU fuel, although modifications may be needed for remote fuel fabrication. However,
since the deep-burn TRU fuel composition has not yet been determined, the amount of
deep-burn fuel fabrication can’t be determined, and it is not known if additional
maodifications to the fuel fabrication technologies will be required, or if a new technology
would be needed. [Taiwe’s Comment: Agree]

C. Graphite wastes: Is there any information available about graphite wastes, such as
how much (volume or mass) per GWe of IITGR capacity? And the classification of these
wastes and how they would be disposed?

I'believe Roald has developed the information for the regular HTGR alternative, but we
don’t know it for the deep burn since we don’t know details of fuel, burnup. :

As far as classification, this graphite waste would be GTCC if separated from the fuel
compacts, but would be HLW if it remains with the fuel. Apain, I believe Roald
addressed this potential through the volume range he provided. IILW would have to go to
a geologic repository, and GTCC would go to a disposal facility capable of accepting
GTCC LLW waste.



The wastes for the deep-burn alternative are from several sources. For the processing of
the spent LWR fuel, HLW, GTCC, and LLW will be generated, similar to that generated
for the alternatives nsing the fast reactor recycle of TRU. Fabrication of the deep-bumn
HTGR fuel will generate GTCC and LLW, but there are no estimates for the amounts at
this time given that there is no relevant remote fuel fabrication experience for the deep-
burn HTGR fuel. After irradiation, the deep-burn HTGR fuel is sent for disposal in a
geologic repository as HHLW. Preliminary estimates indicate that the TRU content of the
spent deep-burn HTGR fuel will be about 30% of that for the no-action alternative.[1] As
a result, with such a large amount of TRU being placed in a repository, it is estimated that
the reduction in decay heat load would be about a factor of 2-3 as compared to the no-
action alternative. There are no estimates for the change in radiotoxicity, but given that
the TRU content of the disposed spent fuel is 30% of that for the no-action alternative,
there would be a corresponding reduction in radiotoxicity since radiotoxicity is controlled
by the higher actinide content in the wastes. Using the metric of the radiotoxicity of the
natural uraniuvm and the reduced TR content for the deep-burn alternative, one would
expect that the radiotoxicity of the deep-bum HTGR spent fuel would drop to that of the
natural uranium approximately in the timne period of 50,000 — 100,000 years.

The amount of waste from processing the spent LWR fuel would be similar to that for the
no-action alternative, but with the HLW, GTCC, and LLW in proportion to the lower
amount of LWR generation required for the deep-burn alternative. The amount of deep-
burn HTGR spent fuel is not known at this time since the fuel composition is
undetermined, but the amount will be affected by the ability to separate the fuel compacts
from the graphite blocks as in the HTGR-only alternative. As shown in that case, while
the amount of spent fuel compacts can be relatively smaller with the HTGR fuel, if the
compacts are not separated from the graphite blocks, the volume of spent fuel can be
substantial. The fuel compacts are clearly HLW, whiie if separated, the graphite blocks
may be GTCC. [Taiwo’s Comment: Agree|

D. Accidents: The PEIS states: “The use of a transuranic fuel instead of a uranium
fuel should not change the mmpacts of accidents;, assuming design requirements of
the furel are simitar.” [}

Tt — ask Ken Buhlman to look at this one too. 1 believe I remember him providing an
explanation previously, and it had to do with expected performance of the particle fuel.

I would suggest that this comment be modified. The use of a TRU fuel instead of an
enriched uraninm fuel in the HTGR may have some impact on reactor response mainly
due to the different delayed neutron fraction with the TRU fuel. However, for the
spectrum of accidents typically considered for the HTGR, past experience with other
reactor types has shown that the difference in delayed neutron fraction would not result in
a significant difference in reactor response for accident conditions, but that the impact is
more of a variation on the consequences rather than a completely different outcome.
[Taiwo’s Commeni: Agree]

ITEM #2: Thorium Issue: May want to engage Mike Todosow on this one:



For Thorium SNF, we use a value of 10 MTHM/GWe. Is it possible to quantify the
percentages of Thorium SNF that are UO, SNF and ThQ, SNEF? Also, would the
distinction between U, 4.4% enrichment LEU SNF and UQ; 19.9% enrichment LEU
SNF be relevant to any differences in impacts that we should disclose (i.e., would the
19.9% SNF have higher thermal loading and radiotoxicity? Would it be managed
differently, and if so, how?).

For this alternative, there are two fuel types, one is uraninm oxide only with an
enrichment of 19.9% U-235, the other is a mixture of uranium oxide enriched to 12.2%
U-235 and natural thorium oxide. Thorinm oxide does not exist by itself as a fuel. The
reason this is done is to ensure that the U-233 that is created from Th-232 in the thorium
oxide is diluted with sufficient U-238 from the vranium oxide fuel so that the uranium in
the thorium oxide / uranium oxide fuel pins remains as LEU. Within the thoriom oxide /
uranium oxide fuel, there is 13% uranium and 87% thorium for the heavy metal content.

The thorium/uranium foel has a discharge burnup of 75 GWd/MTIHM. The uraninm fuel
has a discharge burnup of 149 GWd/MTIHM. The thortum/uranium fuel is in the reactor
for 6-9 18 month cycles, while the uranium fuel is in the reactor for three 18 month
cycles. The measure of so much MT SNF per GWe-yr of power production would go
something like this: '

For the PWR, 51 GWd/MTIHM would have generated 16.83 GWe-d/MTIHM at 33%
thermal effieiency or 0.046 GWe-yr/MTIHM, invert to get 21.7 MTIHM/GWe-yr, which
is what we have.

Now for the thorium alternative, 149 GWd/MTIHM burmup on the uranium seed fuel
would have generated 49.2 GWe-d/MTIHM at 33% thermal efficiency, or 0.135 GWe-
yi/MTIHM, invert to get 7.4 MTIHM UOX SNF/GWe-yr. The 75 GWd/MTIHM
ThOX/JOX fuel would have generated 24.75 GWe-d/MTIHM or 0.068 GWe-
yri/MTIHM, or invert to get 14.74 MTIHM ThOX/UOX SNF/GWe-yr.

For transport, when it is time to ship the spent fuel, assuming we shipped 1025 MTIHM
SNF/yr, we would be transporting 410 MTIHM/yr of UOX SNF at 7.4 MTIHM/GWe-yr,
and 615 MTIHM/yr of ThROX/UOX SNF at 14.74 MTIIIM/GWe-yr.

The reduction in thermal load has already been provided, calculated as estimated from the
integrated decay heat, as described in the reference report. The radiotoxicity curve has
also already been provided, and is presented in the reference report. Both of these reflect
whatever the effects are from the higher initial uranium enrichments. With lower decay
heat and lower initial radiotoxicity, there is no reason why the spent fuel would have to
be handled in a different manner from the LWR spent fuel. From what I can tell, all of
the information that is needed to describe the impacts has already been provided in detail.
[Taiwo’s Comment: Agree]

ITEM #3:R&D NEEDS




I don’t have much to suggest here. I think there are references that one can use to show
where experience is sufficient to state that no significant research is needed, In the same
way, it is apparent where research is needed. However, as much as I would like to be
able to further qualify the amount of research needed, T don’t think one can qualify it
further since if research is needed, it is difficult to tell ahead of time how much research
may be needed to reach the desired goal. For example, on the fast reacior, there needs to
be development of the TRU fuel, but I don’t think anyone can say how much. Fuel
performance is also uncertain, and I don’t think there is any way to be more precise about
how large the uncertainty may be. Sodium-cooled fast reactors have been built in the
past, so there really is no ‘research’ needed to build one. However, the industrial
infrastructure to manufacture everything needed probably doesn’t exist in the U.S.
Successful development of appropriate waste forms and containers also needs to be
developed, but again, it would be difficult to further qualify that assessment, [ think the
same thing can be said throughout the table. [Taiwo’s Comment: Agree. It would be a
major effort to quantify the R&D needs for these alternatives.]

TABLE 4.8.1-1—Comparison
Programmatic Alternatives |}

No Action No No No No Not SNF— No
Applicable
Fast Recycle No Yes Yes No [NOTE Yes HLW - Yes
Verify.]
Thermal/Fast No Yes Yes No Yes HLW — Yes
Recycle
Thermal
Recyele No Yes Yes No Yes HLW —Yes
{Option 1)
Thermal
Recycle No Yes Yes No Yes Hslfq¥: ;ss
(Option 2)
Thermal
Recycle No Yes Yes Yes Yes HLW- Yes
. SNF- No
(Option 3)
. Not
Thorium No Yes Yes Yes . SNF - Ne
Applicable
HWR/HTGR Not
(Option 1— No No No No . SNF - No
HWR) Applicable
HWR/HTGR Not
{Option 2— No Yes Yes Yes Applicable SNF - No

HTGR)




ITEM #4: Footnotes for Table 4.8-1:

a 200 GWe is the power production, not the installed capacity. Reactor capacity factors (i.c., the percentage of time that the reactor is
producing power) less than 100 percent means that the installed capacity of the reactors must be greater than 200 GWe. Typical values
are 90 percent or higher for LWRs and 80 to 85 percent for fast reactors.

b Mass listed is only for the rema

The fuel cladding and assembly hardware are included in the waste volume ¢stimates for HLW and GTCC farther down in the Table,
as appropriate.

¢ The lowsr vahue represents the velume of the fuel compacts after separation from the graphite hexagonal prismatic blocks; the higher
value represents the volume of spent fuel assuming that the fuel compacts are stilt in the graphite bexagonal prismatic blocks. [Blan
%

18 P
Unfortunately this is plain language for the prismatic HTGR fuel. 1can’t think of a simpler way to express this while still mainiaining
technical accuracy.

d Lower values represent the “lower bound” (LB) estimates of waste by considering waste from the spent fuel only, with no
consideration of wastes from operations, maintenance, etc, The LB estimate considers potential volume reductions associated with
advanced waste fonns, decay storage to reduce hazard, and potential classification and disposal requirements based on hazard instead
of origin, Upper values represent the “upper bound™ (UB) and are estimated using projections based on existing technologies and
operating experiernce, with no allewance for advanced waste management approaches like decay storage of wastes with shorter-lived
hazards prior to disposal. PE ysis i BCay PR In 0% ATCE i

te forms containing shornt-lived fission products is not currently done at this time. With advanced
processing, one may choose to use such extended storage options for certain waste forms if there is significant waste management
advantage, such as eliminating a radiological hazard before disposal, but it is not a common practice, or even a practice at all at this
time. [If such an option is available for an alternative, it is used consistently for eacli alternative, If it is not technically avaitable with
an alternative, then it can’t be considered. The footnote is not intended to imply that waste estimates will increase if waste
classification was changed. What it does say is that the lower bourd estimate may be different if waste reclassification is not
considered,

e HLW production is estimated at 300 m3/yr for §00 GWe-yr per year; however, this value includes HLW from operating the
processing plant, and represents more than just the materials originating in the fuel. As such, this value is rot compatible with the
HLW values listed for the other alternatives that only consider HEW originating with the spent fuel. Some material that would be
classified as HE'W in the United States would result in another 482 m3, so the total is conservatively estimated at 789 m3, roundad to a
range of 300-800 m3/yr for 100 GWe-yr/yr, LLW waste generation is estitnated at 5,18¢ m3/yr. Since it is not known whether ihis
represents an upper or lower bound, or represents an expectation based on recent results, this value is not listed in the Table. Although
no radiotoxicity data were available for the DUPIC approacty, given that all of the fission products and actinides woutd be sent 1o the
repository as with the current once-through approach, it is tikely that the time required for the radiotoxicity of the disposed spent

- HWR fuel from DUPIC to decrease to that of nat i e i the ord 000 years.

e tof

h¢ information in the footmote could also be ex;i]éméd in the text without a preblem, 1 would think. The footnote is intended to
address all of the issues for the DUPIC case, rather than having multiple footnotes dealing with each issue with DUPIC where the data
is not available.

ITEM #5: Section 4.8.7 Issues related to “Sensitivity of Analysis to Assumptions
Related to Separations and Recovery Efficiency”:

Sensitivity of Analysis to Assumptions Related to Separations and Recovery
Efficiency. In this PEIS analysis, the assumption has been made that for cases where
SNF is recycled, the loss of desired materials into the waste streams is 0.1 percent. The
losses can ocour in a separations plant or during fuel fabrication. The sensitivity of the
waste management metrics to a higher loss rate was evaluated (see Wigeland 2008b for
details on this evaluation). A summary of that analysis is as follows:



a. The volume of HEW is dominated by the fission products. The addition of a
small amount of plutonium, such as would occur if the loss rate were 1
percent instead of 0.1 percent, would make kittle difference. This would also
be true for GTCC LLW, as this is dominated by the cladding and assembly
hardware from the SNF, along with other wastes from processing and
operations. If the loss of fransuranics were to waste streams that would be

designated LLW, such loss could increase the volume or activity of LLW,_or

both, and could also increase the volume of GTCC LLW, because in order for
wastes to be LLW, they would need to have very low concentrations of alpha

Idon’t we can say
the same amount of LLW would be higher if we had higher process losses. It
could be one or the other, or a combination of both. I think this section is
probably correct in that the increase in GTCC would be small compared to the
large GTCC already present from the cladding and hardware. I've made some
suggestions in the text. [Taiwo’s Comment: Agree|

If this statement were true, it would onlj; be apphcaﬁnie for the ThermalRecycle

Option 1. 1t should be qualified in that manner. However, I don’t think this

statement is correct, since additional plutonium loss will increase the decay heat

and have a negative impact on the thermal load. The same is true for those cases
dealing with TRU. This summary is not correct. [Taiwo's Comment: Agree]

c. Higher losses to the HLW would significantly affect the radiotoxicity, since
the reduction in radiotoxicity is mainly due to the much lower transuranic
content. It can be estimated that if the loss of transuranics to the HLW were
1.0 percent instead of .1 percent, the increased radiotoxicity would delay the
time at which the waste would decay to natural uranium ore (Wigeland

The transuranics are responsible for the radiotoxicity for the entire time that the
waste is in the repository (fission products are mainly important prior ic and in
early stages of disposal). In those cases where the losses only refer to a subset of
the transuranics, then the same comments still apply. For example, if only

..--| Deleted: pluonium




plutonium were recovered, an increase in plutonium loss to the waste would
increase the radiotoxicity of the waste, in the same manner as if TRU was being
recovered. [Taiwo’s Comment: Agree}

NOTES for Roald to consider in answering these questions and revising text:

This statement is hot correct. Process losses in separations end up in all 3 waste classes.
FProcess losses from fuel fab can only end up in GTCC or LLW, since I don’t think there
is any way to have them be HLW%[Taiwo’s Comiment: Agree}

This section needs to be redone. Section b. is incorrect and needs to be rewritten to
address heat load. Transuranics should be used evervwhere, since Pu is a transuranic. I
think comment c¢. already addresses the effects on radiotoxicity. [Taiwe's Comment:
Agree]



